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1
MICROAPPLICATION COMPOSITION

BACKGROUND

The present invention relates in general to mobile appli-
cations and 1n particular to intelligent micro-application
composition.

A micro-application (e.g., a microapp) typically refers to
an interactive soltware module designed to perform like a
tully coded application or website. Microapps are normally
accessible on any device, display, or operating system
without installation to the viewer’s device. Microapps typi-
cally have the {following characteristics: be built and
deployed without customized code, bring together various
media types 1nto a single experience, function oflfline, have
advanced security and compliance features, be functionally-
extensible, and comply with granular data demands.

Microapps are differentiated from traditional mobile
applications by how they are delivered to the end user.
Consequently, they can be embedded in websites or viewed
online to bypass app stores and are typically built to provide
a Tfocused experience to the use.

SUMMARY

According to an aspect of the present invention, there 1s
provided a computer-implemented method. The computer
implemented method comprises: 1n response to recerving a
request, dynamically generating a composite application that
includes one or more micro applications based, at least 1n
part, on a user’s intention.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will now
be described, by way of example only, with reference to the
following drawings, 1n which:

FIG. 1 depicts a block diagram of a computing environ-
ment, 1n accordance with an embodiment of the present
invention;

FIG. 2 1s a flowchart depicting operational steps for
generating and delivering a composite application, 1n accor-
dance with an embodiment of the present invention;

FIG. 3 1s a flowchart depicting operational steps for
analyzing and storing application operations, in accordance
with an embodiment of the present mnvention;

FIG. 4 1s a flowchart depicting operational steps for
generating a composite application, in accordance with an
embodiment of the present invention

FIG. 5 1s a flowchart depicting operational steps for
generating recommendations of micro applications that sat-
1s1y a recerved request, 1n accordance with an embodiment
of the present invention; and

FIG. 6 1s a block diagram of an example system, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention recognize certain
limitations of existing applications. Typically, each applica-
tion 1s designed to perform a singular function (e.g., a
graphics editor). A user thus generally installs a respective
application for each task a user wants to accomplish (e.g.,
social media apps, graphics editors, audio editors, etc.). In
other words, users typically have to access multiple appli-
cations to achieve a specific task. For example, a user’s task
can be making a card that includes photographs and text
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2

accompanying the photographs. Using traditional solutions,
the user might need to access multiple applications (e.g., an
application to take a photograph, a graphics editor, and a
card making application). As such, a user might have to
otherwise install and learn multiple diflerent applications to
achieve a singular task (e.g., make a card).

Embodiments of the present invention also recognize that
cach application requires 1nstallation requirements that need
to be satisfied before it can be installed (e.g., CPU usage,
memory, etc.). In some cases, users may have to prioritize
applications because of limited memory. In doing so, a user
may not be able to accomplish the task due to the installation
requirements of applications the user needs to accomplish
the task. Accordingly, embodiments of the provide solutions
for devices having fixed memory provide solutions accom-
plishing tasks without having to install multiple applica-
tions. Thus, embodiments of the present mnvention improve
a computing device by freeing up or otherwise not requiring
additional memory (of the user device) to perform user
tasks. Specifically, embodiments of the present invention
can dynamically create and deliver a custom composite
application based, at least 1n part, on a user’s task as
discussed in greater detail, later in this Specification.

FIG. 1 1s a functional block diagram illustrating a com-
puting environment, generally designated, computing envi-
ronment 100, in accordance with one embodiment of the
present invention. FIG. 1 provides only an illustration of one
implementation and does not imply any limitations with
regard to the environments 1n which different embodiments
may be implemented. Many modifications to the depicted
environment may be made by those skilled 1n the art without
departing from the scope of the invention as recited by the
claims.

Computing environment 100 includes client computing
device 102 and server computer 108, all interconnected over
network 106. Client computing device 102 and server com-
puter 108 can be a standalone computer device, a manage-
ment server, a webserver, a mobile computing device, or any
other electronic device or computing system capable of
receiving, sending, and processing data. In other embodi-
ments, client computing device 102 and server computer
108 can represent a server computing system utilizing
multiple computer as a server system, such as 1n a cloud
computing environment. In another embodiment, client
computing device 102 and server computer 108 can be a
laptop computer, a tablet computer, a netbook computer, a
personal computer (PC), a desktop computer, a personal
digital assistance (PDA), a smart phone, or any program-
mable electronic device capable of communicating with
vartous components and other computing devices (not
shown) within computing environment 100. In another
embodiment, client computing device 102 and server com-
puter 108 each represent a computing system utilizing
clustered computers and components (e.g., database server
computers, application server computers, etc.) that act as a
single pool of seamless resources when accessed within
computing environment 100. In some embodiments, client
computing device 102 and server computer 108 are a single
device. Client computing device 102 and server computer
108 may include internal and external hardware components
capable of executing machine-readable program instruc-
tions, as depicted and described 1n further detail with respect
to FIG. 6.

In this embodiment, client computing device 102 1s a user
device associated with a user and includes application 104.
Application 104 commumnicates with server computer 108 to
access composite application generator 110 (e.g., using
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TCP/IP) to access content, user information, and database
information (e.g., flow databases and micro application
databases). Application 104 can further communicate with
composite application generator 110 to dynamically create
and deliver a custom composite app based on a user’s task,
as discussed 1n greater detail in FIG. 2.

Network 106 can be, for example, a telecommunications
network, a local area network (LAN), a wide area network
(WAN), such as the Internet, or a combination of the three,
and can include wired, wireless, or fiber optic connections.
Network 106 can include one or more wired and/or wireless
networks that are capable of recerving and transmitting data,
voice, and/or video signals, including multimedia signals
that include voice, data, and video information. In general,
network 106 can be any combination of connections and
protocols that will support communications among client
computing device 102 and server computer 108, and other
computing devices (not shown) within computing environ-
ment 100.

Server computer 108 15 a digital device that hosts com-
posite application generator 110 and database 112. In this
embodiment, composite application generator 110 resides on
server computer 108. In other embodiments, composite
application generator 110 can have an instance of the
program (not shown) stored locally on client computer
device 102. In other embodiments, composite application
generator 110 can be a standalone program or system that
can, dynamically create and deliver a custom composite
application based on the user’s intention. In yet other
embodiments, composite application generator 110 can be
stored on any number or computing devices.

Composite application generator 110 creates a custom
composite app based, at least 1n part, on the user’s task. In
this embodiment, composite application generator 110
includes a registration module (not shown), request module
(not shown), learning module (not shown), a recommenda-
tion module (not shown), and a request module (also not
shown). Composite application generator 110 can leverage
cach of these modules to learn operations performed by the
user, group those operations, 1dentify micro applications that
perform the same or similar functions, and construct a
composite application comprising the identified micro appli-
cation according to the flow of operations performed by the
user as discussed 1n greater detail with respect to FIGS. 2-5.

In response to receiving a request (via the request mod-
ule), composite application generator 110 can register a user
(e.g., using the registration module). In this embodiment,
composite application generator 110 can record group infor-
mation (e.g., of applications currently installed on a user
device) as well as user profile information (e.g., to group
similar users having similar groups of applications and
indicate a willingness to share generated composite appli-
cations).

A request can include a respective task and other user
speciflied requirements. In some cases, a request can describe
a flow of operations (sometimes referred to as a “flow™), that
1s, a sequence ol operations that need to be performed to
achieve or otherwise satisly the respective task. For
example, a flow can include a specified task (e.g., make a
card), and a respective order of subtasks or functions that
need to be performed to achieve the specified task (e.g., take
photograph, edit image captured, add text to edited image).
In some embodiments, the request can also specily a cat-
cgory ol an application needed (e.g., graphic editor). In
certain other embodiments, composite application generator
110 can categorize a received request into respective cat-
cegories ol application that are required and identity a
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potential tlow for the applications needed. Composite appli-
cation generator 110 can then save the received request
along with associated description of flow operations needed
to satisiy the user request.

Composite application generator 110 can learn member
behaviors, that 1s, learn user intention (e.g., using the learn-
ing module) using a combination of machine learning,
natural language processing, and artificial intelligence algo-
rithms. For example, composite application generator 110
can learn the context, that 1s, can learn scenarios and flow
that 1s used to satisfy one or more tasks. A task, as used
herein, refers to one or more operations performed either by
the user or mnstructed by the user. A task can be singular in
nature (e.g., a word processing task) or can be combined as
a series of subtasks 1n the performance of a request (e.g., a
graphics overlay, photo editing, word processing, etc.). In
this embodiment, composite application generator 110 can
learn member behaviors by detecting an operation being
performed by the user, categorizing that operation into a
category, analyzing operation into respective functions per-
formed by one or more microapps, and recording the tlow
and respective metadata into respective databases, as dis-
cussed 1n greater detail with respect to FIGS. 2-4.

In embodiments where composite application generator
110 1s configured 1n a learming mode, composite application
generator 110 can detect all operations performed by the
user within a specified time period. For example, composite
application generator 110 can detect and analyze operations
performed within a five-minute period after the last opera-
tion 1s performed. In other embodiments, composite appli-
cation generator 110 can be configured to record all opera-
tions performed within a specified time period regardless of
the last operation being performed. In yet another embodi-
ment, composite application generator 110 can be config-
ured 1 a manual mode to allow a user to specily when
composite application generator should begin and end
recording a flow of operations.

In response to receiving a future request, composite
application generator 110 may access a database of previ-
ously stored requests and stored operation flows to 1dentity
matching microapps that satisty the received request. In
instances where composite application generator 110 cannot
identify a previously stored request, composite application
generator 110 can identity function models for the custom
composite application from a trusted group of micro appli-
cations or from other public sources. Composite application
generator 110 can leverage an access control module (not
shown) to access recommended microapps and associated
flows to access a member database to be shared amongst
participating members. In instances where composite appli-
cation generator 110 cannot 1dentify a microapp that can be
shared, composite application generator 110 can outsource
or otherwise 1dentify other microapps with similar functions
from other publicly available databases.

Composite application generator 110 can then leverage
the access control module to generate a recommended flow
(c.g., using the recommendation module) of respective
microapps to satisiy the received request. In this embodi-
ment, composite application generator 110 can access the
request and generate a recommended flow-based require-
ments of the request and collected user behavior. In certain
other embodiments, composite application generator 110
can access the request and recommended tlow (e.g., where
the user has specified a tflow of operations or flow of tasks
needing to be performed).

Regardless of how the flow 1s generated, composite
application generator 110 determines whether the flow can
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be satisfied with microapps that composite application gen-
erator 110 has access to. In this embodiment, composite
application generator 110 determines that a flow can be
satisfied by 1dentifying microapps it has access to that can
satisiy the received request. Composite application genera-
tor 110 determines that a microapp can satisty the recerved
request by i1dentifying functional capabilities of the
microapp {rom metadata associated with the microapp and
comparing the identified functional capability to user
requirements specified in the recerved request. In this man-
ner, composite application generator 110 can identily a
microapp as capable of satisfying the received request in
response to determining that the functional capabilities
match or otherwise perform functions of the receirved
request.

In response to determining that the flow can be satisfied,
composite application generator 110 can then group (i.e.,
package) the i1dentified microapps as a single solution and
subsequently deploy the solution. In response to determining
that the flow cannot be satisfied, composite application
generator 110 can outsource, that 1s, locate other {free
microapps with similar functions that satisiy the receirved
request. Composite application generator 110 can then store
the configuration of microapps and make the solution avail-
able for other participating members. In certain embodi-
ments, composite application generator 110 can solicit user
teedback and optionally modily the generated solution.

In certain embodiments, composite application generator
110 can be integrated 1n a framework that enables applica-
tion developers to create and publish application features or
functions as independent modules that can be used to create
(1.e., compose) a composite application to achueve an end-
to-end solution.

Database 112 stores received information and can be
representative of one or more databases that give permis-
sioned access to composite application generator 110 or
publicly available databases. For example, database 112 can
store member registrations, respectively associated user
information, recorded flows and publicly available micro
applications. In general, database 112 can be implemented
using any non-volatile storage media known 1n the art. For
example, database 112 can be implemented with a tape
library, optical library, one or more independent hard disk
drives, or multiple hard disk drives 1n a redundant array of
independent disk (RAID). In this embodiment database 112
1s stored on server computer 108.

FIG. 2 1s a flowchart 200 depicting operational steps for
generating and delivering a composite application, 1n accor-
dance with an embodiment of the present invention.

In step 202, composite application generator 110 receives
information. In this embodiment, the received information
can include a request from client computing device 102 to
register as a member. In other embodiments, the information
received may be a request to compile a composite applica-
tion. As mentioned above, the request can mclude a respec-
tive task and other user specified requirements. In some
cases, a request can describe a flow of operations (some-
times referred to as a “flow”), that 1s, a sequence of opera-
tions that need to be performed to achieve or otherwise
satisly the respective task. For example, a flow can include
a specified task (e.g., make a card), and a respective order of
subtasks or functions that need to be performed to achieve
the specified task (e.g., take photograph, edit 1image cap-
tured, add text to edited 1mage). In some embodiments, the
request can also specity a category of an application needed
(e.g., graphic editor). In other embodiments, composite
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application generator 110 can receive information from one
or more other components of computing environment 100.

In step 204, composite application generator 110 gener-
ates a composite application. In this embodiment, composite
application generator 110 generates a composite application
based, at least in part on, the received user request. In
instances where composite application generator 110 has
access to multiple stored tlows and microapps, composite
application generator 110 can categorize the received
request and 1dentify stored flows and respectively associated
configurations of microapps that match functions of the
received request.

In instances where composite application generator 110
has not previously recorded a respective user’s operations
performing the task, composite application generator 110
generates a composite application by detecting operations
performed on a user device, determining a category associ-
ated with the detected operation, and recording the flow and
assoclated metadata as described i1n greater detail waith
respect to FIG. 3. Thus, 1 response to receiving a future
request from the user or other registered users for a com-
posite application performing this recorded tlow and meta-
data, composite application generator 110 can retrieve the
stored flow, and group the microapps that satisty the
received request.

In step 206, composite application generator 110 delivers
the generated composite application. In this embodiment,
composite application generator 110 delivers the generated
composite application to the end user by publishing the
generated composite application on a server accessible by
the user. Composite application generator 110 can then store
the configuration of microapps, the flow associated with the
received request, and metadata generated 1n response to
executing the received requestion.

In some embodiments, composite application generator
110 can solicit feedback from the user and modity the flow.
In some embodiments, composite application generator 110
can generate one or more recommendations to modify the
flow. Recommendations can include changing the order 1n
which tasks are performed and can also include recommen-
dations for other microapps that perform similar functions
that satisly the user request.

FIG. 3 1s a flowchart 300 depicting operational steps for
analyzing and storing application operations, 1n accordance
with an embodiment of the present invention.

In step 302, composite application generator 110 detects
operations. In this embodiment, embodiments, composite
application generator 110 can detect operations being per-
formed as part of a task the user 1s executing. For example,
composite application generator 110 can identify that the
user 1s attempting to make a card and in doing so has
accessed the camera application of the user device, a graph-
ics editor to edit the photograph captured by the camera
application, and respective functions of the graphic editor
(e.g., text addition, graphics overlay, exposure, brilliance,
highlights, shadows, contrast, brightness, black point, satu-
ration, vibrance, warmth, tint, sharpness, definition, noise
reduction, vignette, etc.) the user used 1n making the card. In
other embodiments, composite application genitor 110 can
identily operations based solely on the user request using a
combination of natural language processing and machine
learning techniques.

In step 304, composite application generator 110 deter-
mines a category associated with the detected operation. In
this embodiment, composite application generator 110 deter-
mines a category associated with the detected operation
using a combination of natural language processing and
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machine learning techniques. For example, 1n response to
determining an operation as an edit to a photo, composite
application generator 110 determines the respective category
as a graphic editor. Other examples of categories can
include, native apps, hybrid apps (e.g., CSS, JavaScript,
HTMLS5, etc.), web apps, multimedia apps, word processors,
graphics software, database software, spreadsheet presenta-
tion, enterprise, reference, content access, efc.

Composite application generator 110 can then analyze the
respective categories and break down operations being per-
formed into singular functions that can be performed by
microapps. For example, composite application generator
110 can determine that the graphics editor was used to edit
a photo, perform a graphics overlay, and add text. In this
example, composite application generator 110 can 1dentily
that a photo editor function, a graphics editor, and word
processor functions are the operations that were performed.

In step 306, composite application generator 110 records
flow. In this embodiment composite application generator
110 records the flow of operations that are performed within
a specified time period. For example, composite application
generator 110 can detect and analyze operations performed
within a five-minute period after the last operation 1s per-
formed. For example, composite application generator 110
can identify that a sequence of events performed included
photo edit function, graphics overlay function, a text editor
and a social media application were used. However, 1n this
instance, composite application generator 110 only records
the graphics overlay function, the photo edit function, the
graphics overlay function, and the text editor function
because each of these functions were performed within the
five-minute period. In this example, composite application
generator 110 determined that the social media application
was used ten minutes aiter the text editor function was
performed and would therefore be outside of the time period.
Composite application generator 110 would thus record the
social media application function as the beginning of the
next tlow.

In this embodiment, composite application generator 110
can then combine the recorded flow by assigning the
recorded flow respective tags that are related to the
microapps that could perform the respective operations. For
example, composite application generator 110 can parse
through metadata associated with the microapps to 1dentify
respectively associated tags. Specifically, composite appli-
cation generator 110 can 1dentily that microapp A includes
metadata that specifies tags such as “photo editor” and “text
editor”.

In other embodiments, composite application generator
110 can be configured to record flow for any period of time.
In some embodiments, composite application generator 110
can be used 1n a manual mode, that 1s, be configured to start
and stop recording and subsequently store tlow according to
the user’s discretion.

In step 308, composite application generator 110 records
metadata. In this embodiment, composite application gen-
erator 110 records metadata generated by the performance or
execution of operations. For example, composite application
generator 110 can record operations performed as metadata
associated with the app (e.g., graphics overlay, text overlay,
upload information, etc.) as well as metadata associated in
the execution of a task (e.g., location, timestamp informa-
tion, etc.).

In step 310, composite application generator 110 store
recorded tlow and metadata. In this embodiment, composite
application generator 110 stores the recorded flow and
respectively associated metadata into a database (e.g., data-
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base 112). In some embodiments, composite application
generator 110 can store the recorded tflow and metadata as
part of a knowledge graph.

FIG. 4 1s a flowchart 400 depicting operational steps for
generating a composite application, 1n accordance with an
embodiment of the present invention.

In step 402, composite application generator 110 catego-
rizes the received request. In this embodiment, composite
application generator 110 categorizes the received request
using a combination of natural language processing and
machine learning techniques. Examples of categories can
include, operations needing to be performed (e.g., capture
photo, edit photo, etc.), types of applications a user needs
(e.g., a graphics editor, a photo editor, text editor, etc.), tasks
that a user needs to complete (e.g., make a card, post to
social media applications, etc.), etc.

In step 404, composite application generator 110 retrieves
stored flow. In this embodiment, composite application
generator 110 retrieves stored flow from a database (e.g.,
database 112). For example, composite application genera-
tor 110 can query the database for the flow based on
identified categories.

In step 406, composite application generator 110 1denti-
fies microapps that satisfies the received request. In this
embodiment, composite application generator 110 i1dentifies
microapps that satisfies the received request based on the
request and associated operations that can fulfill the request.
For example, composite application generator 110 can
retrieve the 1dentified microapps ifrom a publicly available
dataset of microapps.

In step 408, composite application generator 110 groups
identified microapps. In this embodiment, composite appli-
cation generator 110 groups the i1dentified microapps as a
solution and orders the identified microapps according to the
flow that satisfies the received request.

FIG. 5 1s a flowchart 500 depicting operational steps for
generating recommendations of micro applications that sat-
1s1y a received request, 1n accordance with an embodiment
of the present invention.

In step 502, composite application generator 110 deter-
mines whether the flow 1s satisfied. In this embodiment,
composite application generator 110 determines whether the
flow 1s satisfied by verifying the identified microapps can
tulfill the request and veritying that the order 1n which the
microapps are arranged matches retrieved flow. For
example, composite application generator 110 can reference
the 1dentified microapps and compare the i1dentified
microapps against metadata described intended functions of
respectively 1dentified microapps to confirm their purpose
against tasks that the user has specified. Composite appli-
cation generator 110 can then verily that the order of
microapps matches the flow order that satisfies the user
request.

If, mm step 502, composite application generator 110
determines that the flow 1s not satisfied, then, 1n step 504,
composite application generator 110 outsource microapps
with similar functions. Composite application generator 110,
outsources microapps with similar functions by querying
other publicly available databases hosting microapps and
verilying functions of other publicly available microapps
that satisfy an operation required by the flow. Composite
application generator 110 then proceeds to step 506.

If, mn step 502, composite application generator 110
determines that the flow 1s satisfied, then, 1n step 506,
composite application generator 110 packages microapps
into one or more solutions. In this embodiment, composite
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application generator 110 can package microapps into one or
more solutions that satisty respective requests.

In step 508, composite application generator 110 receives
teedback. In this embodiment, composite application gen-
erator 110 provides a mechanism to receive feedback after
the solution 1s deployed. For example, in some instances,
composite application generator 110 can transmit a survey
for users to provide feedback on deployed solutions that
users have used. In other embodiments, composite applica-
tion generator 110 can transmit a request for feedback after
a specified time period (e.g., one week after the user
received or otherwise accessed the deployed solution).

In step 510, composite application generator 110 option-
ally modifies solutions in light of feedback. In this embodi-
ment, composite application generator 110 optionally modi-
fies solutions 1n light of feedback by selecting alternative
istances of the microapp. In some instances, composite
application generator 110 can identity alternate microapps
having similar functions that perform operations required by
the request.

FIG. 6 depicts a block diagram of components of com-
puting systems within computing environment 100 of FIG.
1, in accordance with an embodiment of the present inven-
tion. It should be appreciated that FIG. 6 provides only an
illustration of one implementation and does not imply any
limitations with regard to the environments 1n which difler-
ent embodiments can be implemented. Many modifications
to the depicted environment can be made.

The programs described herein are i1dentified based upon
the application for which they are implemented 1n a specific
embodiment of the imnvention. However, 1t should be appre-
ciated that any particular program nomenclature herein 1s
used merely for convenience, and thus the mvention should
not be lmmited to use solely i any specific application
identified and/or implied by such nomenclature.

Computer system 600 includes commumnications fabric
602, which provides communications between cache 616,
memory 606, persistent storage 608, communications unit
612, and mput/output (I/0) interface(s) 614. Communica-
tions fabric 602 can be implemented with any architecture
designed {for passing data and/or control information
between processors (such as microprocessors, communica-
tions and network processors, etc.), system memory, periph-
eral devices, and any other hardware components within a
system. For example, communications fabric 602 can be
implemented with one or more buses or a crossbar switch.

Memory 606 and persistent storage 608 are computer
readable storage media. In this embodiment, memory 606
includes random access memory (RAM). In general,
memory 606 can include any suitable volatile or non-volatile
computer readable storage media. Cache 616 i1s a fast
memory that enhances the performance of computer pro-
cessor(s) 604 by holding recently accessed data, and data
near accessed data, from memory 606.

Composite application generator 110 (not shown) may be
stored 1n persistent storage 608 and in memory 606 for
execution by one or more of the respective computer pro-
cessors 604 via cache 616. In an embodiment, persistent
storage 608 includes a magnetic hard disk drive. Alterna-
tively, or 1n addition to a magnetic hard disk drive, persistent
storage 608 can include a solid state hard drive, a semicon-
ductor storage device, read-only memory (ROM), erasable
programmable read-only memory (EPROM), tlash memory,
or any other computer readable storage media that 1s capable
ol storing program 1instructions or digital information.

The media used by persistent storage 608 may also be
removable. For example, a removable hard drive may be
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used for persistent storage 608. Other examples include
optical and magnetic disks, thumb drives, and smart cards
that are inserted into a drive for transier onto another
computer readable storage medium that 1s also part of
persistent storage 608.

Communications unit 612, 1in these examples, provides
for communications with other data processing systems or
devices. In these examples, communications unit 612
includes one or more network interface cards. Communica-
tions unit 612 may provide communications through the use
of erther or both physical and wireless communications
links. Composite application generator 110 may be down-
loaded to persistent storage 608 through communications
unit 612.

I/O 1nterface(s) 614 allows for input and output of data
with other devices that may be connected to client comput-
ing device and/or server computer. For example, I/O 1nter-
face 614 may provide a connection to external devices 620
such as a keyboard, keypad, a touch screen, and/or some
other suitable mput device. External devices 620 can also
include portable computer readable storage media such as,
for example, thumb drives, portable optical or magnetic
disks, and memory cards. Software and data used to practice
embodiments of the present invention, e.g., composite appli-
cation generator 110, can be stored on such portable com-
puter readable storage media and can be loaded onto per-
sistent storage 608 via I/O iterface(s) 614. 1/O interface(s)
614 also connect to a display 622.

Display 622 provides a mechanism to display data to a
user and may be, for example, a computer monaitor.

The present mnvention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present 1nvention.

The computer readable storage medium can be any tan-
gible device that can retain and store instructions for use by
an 1nstruction execution device. The computer readable
storage medium may be, for example, but 1s not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
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prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage imm a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent 1nstructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
ol one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
istructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
arca network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of the computer readable program 1nstructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present mvention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general-purpose computer, a
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the mstructions which execute on
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the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures illustrate
the architecture, functionality, and operation of possible
implementations ol systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, a segment, or a
portion ol instructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted i the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality mvolved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application or techmical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed

herein.

What 1s claimed 1s:
1. A computer-implemented method comprising:
determining respective categories for a respective opera-
tion of one or more detected operations performed on
a user’s device;

recording a flow of operations and metadata generated 1n
performance of the one or more detected operations on
the user’s device;

in response to receiving a request, dynamically generating

a composite application that includes one or more
micro applications, wherein dynamically generating a
composite application comprises learning a user’s
intention based on detected operations performed on
the user’s device:

identifying one or more microapps that satisty the

received request;

ordering the one or more 1dentified microapps that satisty

the recerved request according to the recorded flow of
operations and the recorded metadata; and

packaging the ordered microapps that satisty the received

request as the single composite application.

2. The computer-implemented method of claim 1,
wherein the one or more micro applications are obtained
from trusted private sources or public sources.

3. The computer-implemented method of claim 1, further
comprising;

providing a mechanism for feedback regarding the single

composite application; and

moditying the single composite application i light of

teedback received.
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4. The computer-implemented of claim 1, further com-
prising:

in response to determining that at least one microapps of

a group of microapps does not satisiy the received
request, outsourcing at least one microapps Irom
another group of microapps that performs similar func-
tions that satisly the received request.

5. A computer program product comprising;:

one or more computer readable storage media and pro-

gram 1nstructions stored on the one or more computer

readable storage media, the program instructions com-

prising;:

program instructions to determine respective categories
for a respective operation of one or more detected
operations performed on a user’s device;

program 1nstructions to record a flow of operations and
metadata generated in performance of the one or
more detected operations on the user’s device;

program 1nstructions to 1n response to receiving a
request, dynamically generate a composite applica-
tion that includes one or more micro applications,
wherein dynamically generating a composite appli-
cation comprises learning a user’s mtention based on
detected operations performed on the user’s device;

program 1nstructions to 1identily one or more microapps
that satisty the received request;

program 1nstructions to order the one or more 1dentified
microapps that satisty the received request according
to the recorded flow of operations; and

program 1nstructions to package the ordered microapps
that satisty the recerved request as the single com-
posite application.

6. The computer program product of claim 5, wherein the
one or more micro applications are obtained from trusted
private sources or public sources.

7. The computer program product of claim 5, wherein the
program 1nstructions stored on the one or more computer
readable storage media further comprise:

program 1nstructions to provide a mechanism for feed-

back regarding the single composite application; and
program 1nstructions to modify the single composite
application in light of feedback received.

8. The computer program product of claim 5, wherein the
program 1instructions stored on the one or more computer
readable storage media further comprise:
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program instructions to, i response to determiming that at
least one microapps of a group of microapps does not
satisly the received request, outsource at least one
microapps {rom another group of microapps that per-
forms similar functions that satisty the received
request.

9. A computer system comprising:

one or more computer processors;

one or more computer readable storage media; and

program 1instructions stored on the one or more computer

readable storage media for execution by at least one of

the one or more computer processors, the program

instructions comprising:

program 1nstructions to determine respective categories
for a respective operation ol one or more detected
operations performed on a user’s device;

program 1nstructions to record a flow of operations and
metadata generated 1 performance of the one or
more detected operations on the user’s device;

program 1nstructions to 1 response o receiving a
request, dynamically generate a composite applica-
tion that includes one or more micro applications,
wherein dynamically generating a composite appli-
cation comprises learning a user’s intention based on
detected operations performed on the user’s device;

program instructions to 1dentify one or more microapps
that satisly the received request;

program 1instructions to order the one or more 1dentified
microapps that satisy the recerved request according
to the recorded flow of operations; and

program 1nstructions to package the ordered microapps
that satisly the recerved request as the single com-
posite application.

10. The computer system of claim 9, wherein the one or
more micro applications are obtained from trusted private
sources or public sources.

11. The computer system of claim 9, wherein the program
instructions stored on the one or more computer readable
storage media further comprise:

program 1instructions to provide a mechanism for feed-

back regarding the single composite application; and
program 1nstructions to modily the single composite
application in light of feedback received.
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